Objective. To investigate compliance with telephone helpline advice to attend an emergency department (ED) and the acuity of patients who presented to ED following a call. Data Sources/Collection Methods. In New South Wales (NSW), Australia, 2009Australia, -2012 (1.04 million) calls to a telephone triage service, ED presentations, hospital admissions and death registrations, linked using probabilistic data linkage. Study Design. Population-based, observational cohort study measuring ED presentations within 24 hours of a call in patients (1) with dispositions to attend ED (compliance) and (2) low-urgency dispositions (self-referral), triage categories on ED presentation. Principal Findings. A total of 66.5 percent of patients were compliant with dispositions to attend an ED. A total of 6.2 percent of patients with low-urgency dispositions self-referred to the ED within 24 hours. After age adjustment, healthdirect compliant patients were significantly less likely (7.8 percent) to receive the least urgent ED triage category compared to the general NSW ED population (16.9 percent). Conclusions. This large population-based data linkage study provides precise estimates of ED attendance following calls to a telephone triage service and details the predictors of ED attendance. Patients who attend an ED compliant with a healthdirect helpline disposition are significantly less likely than the general ED population to receive the lowest urgency triage category on arrival.
of health care facilities (Hansen and Hunskaar 2011; Campbell et al. 2014) , health maintenance organizations (O'Connell et al. 2002; Kempe et al. 2006; Navratil-Strawn et al. 2014) , or a whole population (De Coster et al. 2010 ) (Foster, Jessopp, and Chakraborti 2003; Labarere et al. 2003) . The population of NSW, Australia, has access to the healthdirect helpline telephone triage service and publicly funded universal health care, and some may access private health care. Telephone triage services have been well received by the public (Hughes 2003; Ng et al. 2012 ), but they have been viewed cautiously by medical professionals, especially when services have been established for politically driven objectives not supported by evidence (Australian Medical Association 2014; Lind 2015) , or when there is little information on compliance with, or appropriateness of, advice given. This study aims to provide high-quality evidence regarding patient compliance with telephone triage advice to attend an ED, self-referred attendance at an ED in calls given lowurgency dispositions, and patient triage on arrival at the ED following a call.
Some of the existing research relies on self-reporting to measure compliance (Kempe et al. 2001; Hansen and Hunskaar 2011; O'Cathain et al. 2014) , which is subject to recall and social desirability biases. Using linked data minimizes these biases, although it is rarely performed for whole populations. A data linkage study from Calgary, Canada, reported that 52.3 percent of patients instructed to "go to ED" complied within 24 hours (De Coster et al. 2010) , although the study was limited to one major city. Some American studies have reported compliance, but they are generally restricted to members of specific health maintenance organizations: 57.4 percent of patients attended ED as advised within 2 days (Navratil-Strawn et al. 2014) ; 79.2 percent of patients attended hospital ED as advised within 2 days (O'Connell et al. 2002) ; and 74.0 percent of children attended hospital as advised within 4 hours (Kempe et al. 2006) . Information on factors associated with compliance is patchy, even though such information could assist in improving telephone triage service delivery and illustrate particular barriers to health service access. Studies have shown that those patients more likely to comply with advice to attend emergency care are older (O'Connell et al. 2002; De Coster et al. 2010) , have better background health, reside in middle-or high-income neighborhoods (De Coster et al. 2010) , or are younger children in the case of a pediatric study (Scarfone, Luberti, and Mistry 2004) . Another study showed little impact of patient demographics (Niemann et al. 2004) . Compliance is highest when the patient is satisfied with the disposition (Labarere et al. 2003; Lee et al. 2003) or when the patient's original intention is concordant with the call disposition (Munro et al. 2001; Niemann et al. 2004) . The research on patients who attend an ED after telephone triage, despite not having been advised to do so, is sparse, and the definitions of what constitutes this form of "self-referral" noncompliance are inconsistent. A small British study reported 2.4 percent of patients given non-ED dispositions attended ED with the same presenting complaint as their telephone triage call. These subjects took significantly longer to attend ED than those who were advised to do so (Foster, Jessopp, and Chakraborti 2003) . A Western Australian study of helpline callers residing within 2 km of a hospital showed that 9 percent of callers given a "nonurgent disposition" (disposition to seek care in 24 hours or later) presented at the ED within 24 hours (Sprivulis, Carey, and Rouse 2004) .
In Australia, the "healthdirect helpline" telephone triage service aims to provide patients with trusted health professional advice about the appropriate care for their health issue and to help them find their closest appropriate and available local health service, regardless of the time of the call or the location of the caller (Healthdirect Australia 2015) . This study used linked populationbased ED and hospital data to provide information on compliance with helpline advice to attend an ED and rates of self-referral to ED. Under-referral was investigated by quantifying hospitalizations, deaths, and more urgently triaged ED presentations in patients given low-urgency dispositions, while over-referral was examined by quantifying the least urgently triaged ED presentations in patients given dispositions to attend ED.
METHODS

Setting
The healthdirect helpline is a telephone triage service that caters for six of eight Australian states and territories. It operates 24 hours a day, 7 days a week, and between 2009 and 2012, handled an average of 785,720 calls per year. Due to restricted funding, the service is minimally promoted, most commonly by word of mouth (personal communication, Healthdirect Australia) . Calls are initially triaged by registered nurses, but since July 2011 some afterhours calls are transferred on triage nurse discretion to an after-hours GP for additional triage. Triage staff members assess health symptoms using a computerized clinical decision support system (CareEnhance Call Centre Software, Medibank Health Solutions Pty Ltd., Lane Cove, NSW, Australia). Prompted by the software, the triage staff member asks a series of questions designed to rule out important conditions and arrives at the condition that cannot be excluded (Graber et al. 2003) . Triage staff have no access to a patient's medical history and assess a patient based on information reported in the telephone call. At the conclusion of the call, the triage staff member provides a "disposition"-a recommendation to follow a course of action. Dispositions include activating triple zero "000" (Australia-wide phone number for an ambulance), attending an ED (public or private), attending a GP within a particular time frame, or appropriate guided self-care. Calls triaged by nurses should only have one disposition, and calls referred to after-hour GP triage should have one nurse-triaged disposition with the value "speak to telephone GP" and one GP-triaged disposition. At the conclusion of the call, callers are asked for their "original intention," what they had intended to do if they had not called the healthdirect helpline. For reasons of data availability, the study was restricted to New South Wales (NSW), Australia's largest state, with a population of 7.29 million in 2012 (Australian Bureau of Statistics 2013), and to specific dispositions, described later.
On arrival at a hospital ED, patients undergo triage by a clinician, a process of prioritization based on clinical urgency, determined by patient condition and the potential for deterioration. This is described by the Australasian Triage Scale (ATS), a five-point scale ranging from ATS 1 (medical attention immediately) to ATS 5 (medical attention within 2 hours)(Australasian College for Emergency Medicine 2013). It is not standard for ED clinicians to ask whether the patient has had prior contact with the healthdirect helpline.
Data Linkage and Cleaning
This was an observational cohort study using the following linked data: healthdirect helpline call data (NSW, July 1, 2008 to December 31, 2012); presentations to EDs; hospital admissions; and death registrations in NSW for the same period. Hospital data include records of hospital separations (discharges, transfers, and deaths) in all public and private hospitals, while ED data capture approximately 96 percent of NSW public and private ED presentations, with some small rural EDs excluded (personal communication, NSW Department of Health). Probabilistic data linkage and the assignment of a "Project-specific Person Number" (PPN) were performed by the Centre for Health Record Linkage (CHeReL). Data custodians matched PPNs with their respective clinical data and provided researchers with datasets containing PPN, demographic, and clinical variables. Researchers merged all the datasets using the PPN. Prior to analysis, all linked datasets were checked for inconsistencies, with exclusions listed in Figure 1 .
Outcome Measures and Definitions
This paper analyzes dispositions to attend an ED immediately and lowurgency dispositions. Dispositions to attend an ED immediately included both nurse and GP dispositions of "ED immediately" and "ED immediately (GP not available)." Compliance with this disposition was defined as the presence of a linked record for an ED visit or hospital admission within 24 hours of the call to the healthdirect helpline. If the same patient was the subject of two or more calls with "Attend ED" dispositions within 24 hours, the patient was considered noncompliant with the earlier call/s and only the compliance to the final call in the 24-hour period was assessed. Lowurgency dispositions included dispositions for self-care only; see a doctor within 72 hours or 2 weeks; see a dentist within 72 hours, 2 weeks, or when available; and see an appropriate health provider within 72 hours or 2 weeks. Self-referral to an ED was defined as the presence of a linked record for an ED visit or hospital admission within 24 hours of the call to the healthdirect helpline, having received a low-urgency disposition. Hospital admissions and deaths were confirmed by the presence of their respective linked records.
A call was considered "in-hours" if it occurred during common NSW GP opening hours (8 A.M. to 6 P.M., Mondays to Fridays, 8 A.M. to 12 P.M., Saturdays). All other times or NSW public holidays were considered to be "after-hours."
Analyses
Summary statistics on call characteristics and demographics were calculated for all calls. Modeling of both the predictors of compliance and Calls identified as likely wrong linkages included records of a healthdirect helpline call record occurring after a death record.
‡ Subjects identified as "extremely frequent callers" were defined as callers with a series of 20 or more calls to the healthdirect helpline where the time between calls of the same series was less than or equal to 24 hours. § These 12,558 subjects had at least one call excluded due to an inconsistency between the caller-patient relationship and the patient's age. These included 3,743 subjects who had all their calls excluded.
‖ Calls with inconsistent information between the caller-patient relationship and the patient's age included patients below 10 years calling for "self," "grandchildren" calling for patients below 25 years, and "grandparents" calling for patients aged 60 years and older. ¶ These were most likely the result of vulnerability in the data collection software and could be the result of a triage nurse attempting to triage two sets of symptoms in a single call (personal communication, Healthdirect Australia) .
# Note that calls dated between July 1, 2008, and December 31, 2008, were excluded from descriptive analysis and the calculation of compliance rates, but they were used to calculate the variable "calls to healthdirect in the last 6 months," a covariate in regression models.
self-referral was first conducted using hierarchical logistic regression modeling of multiple calls (level 1) nested within patients (level 2). However, as the majority of patients had only a single call in the dataset, modeling the higher level variation added very little information. Instead, final predictive models used a single-level logistic regression using Proc Genmod (SAS). The factors included in the models were as follows: patient sex; age group; socioeconomic status (Socio-Economic Indexes for Areas [SEIFA] , mapped from patient postcode) (Australian Bureau of Statistics 2011); a composite variable of time of call and triage staff (nurse inhours, nurse after-hours, and GP after-hours); remoteness at time of call (ARIA+ [Australian Population and Migrations Research Centre 2015] , mapped from patient postcode); caller's original intention; number of healthdirect helpline calls in the previous 6 months; the caller's relationship to the patient (self/other); and groups of clinical symptoms. Unadjusted (crude) and adjusted odds ratios (OR) and 95 percent confidence intervals (CI) were calculated.
Summary data of ED presentations by age group and ATS categories were obtained from the NSW Ministry of Health. The distribution of ATS categories in the healthdirect subjects was age-standardized to the population of NSW ED presentations during the same time period. Calls with missing ATS information were excluded from the compliant attending (n = 1,819 of 102,999 excluded) and self-referred groups (n = 610 of 19,211 excluded). Data analysis was performed using SAS version 9.3 (Cary, NC, USA), STATA/ MP Version 12.1 (College Station, TX, USA), MLwiN (University of Bristol, Bristol, UK), and Excel (Redmond, WA, USA). 
Ethics Approvals
Healthdirect Helpline Call and Patient Characteristics
The mean patient age at the time of the healthdirect helpline call was 24.6 years (SD 24.1), ranging from 0 to 109 years. Children younger than 5 years were the subject of the call (the patient) in 34.3 percent of calls, and 59.5 percent of calls regarded a female patient. Callers were most commonly calling regarding themselves (45.2 percent) or regarding their children (44.8 percent). Three-quarters (75.2 percent) of the 1,041,749 calls were made after hours. Three-quarters (74.9 percent) of the calls came from major cities, and 4.9 percent came from outer regional and more remote areas. Calls from areas in the middle SEIFA quintile made up the largest group (27.8 percent) of calls. Characteristics of calls are given in Table 1. A total of 95,600 calls (9.2 percent) received a nurse disposition of "speak to telephone GP" and were analyzed according to the GP disposition, with the remaining calls analyzed according to their nurse disposition. A total of 428 different guidelines were used for patient triage. The five most common individual guidelines were pediatric vomiting (4.3 percent), medication questions in an adult (3.7 percent), pediatric fever (3.0 percent), abdominal pain or discomfort (2.9 percent), and "seen doctor/health care provider" (2.6 percent). This last is a guideline reserved for patients who had had a recent visit to a doctor or health care provider concerning the same symptoms as the call.
The patients of the healthdirect helpline are younger and are more likely to be female than the NSW general population. Patients below 5 years made up 28.3 percent of healthdirect patients (vs. 6.5 percent NSW general population 2012), while patients 65 years and older made up 9.6 percent of healthdirect patients (vs. 14.9 percent NSW general population 2012). The ratio of males to females among healthdirect patients was 0.71 compared to 0.98 in the NSW general population. Just over 2 percent of the NSW population were patients of the healthdirect telephone triage service in a given year, ranging from 2.0 percent in 2010 to 2.5 percent in 2012 (Australian Bureau of Statistics 2012). Table 2 ). A total of 605 calls with "Attend ED" dispositions were followed by another call with the same disposition within 24 hours and were assumed to be noncompliant. In calls given dispositions to attend ED immediately, the patient was compliant in 66.5 percent (95 percent CI 66.3 to 66.8) of calls. Compliance was identified by an ED presentation record in 98.3 percent of calls, and the remainder of compliant calls had a hospital admission record within 24 hours of the call without a preceding ED presentation record.
Controlling for other factors in the model, patients aged 10-14 years were the most compliant, while those aged from 18 to 34 years and 35 to 44 years were least compliant. Compliance was highest in those living in an area in the middle quintile of socioeconomic status. There was no significant difference by patient sex or caller-patient relationship. Compared to nurse-triaged calls in-hours, nurse-triaged calls after-hours had significantly higher compliance with dispositions to attend ED immediately, but compliance with GP-triaged after-hours calls was significantly lower than with nurse-triaged calls after-hours. Calls from outer regional and more remote areas had significantly lower compliance than calls from major cities and inner regional areas, with the lowest compliance in the most remote areas. Callers whose original intention was to attend an ED were more likely to be compliant with dispositions to attend ED immediately, compared to callers with other intentions. The more times a caller had contacted the healthdirect helpline in the previous 6 months, the less likely it was that the patient was compliant. Clinical guidelines with lower compliance included those relating to neurological, headache or seizure, and pregnancy or neonatalspecific guidelines.
Rates and Predictors of Self-Referral to the ED in Those Given a Low-Urgency Disposition A total of 307,825 NSW healthdirect helpline calls between January 1, 2009, and December 31, 2012 (regarding 216,749 unique patients), received a lowAttendance after Telephone Triage Controlling for other factors in the model, patients significantly more likely to self-refer to the ED within 24 hours of a low-urgency disposition included males and adult patients (patients aged 18 to 34 years and 55 years and older). Those living in areas of high socioeconomic status were less likely to self-refer than those in the lowest socioeconomic status areas, and self-referral was also less likely if the caller was the patient rather than another person. After-hours calls were significantly more likely to result in a self-referral than calls made in-hours. Calls from inner regional areas were significantly more likely, and calls from outer regional, remote, or very remote areas significantly less likely, to self-refer compared to calls from major cities. Callers whose original intention was to attend ED were more likely to self-refer. Clinical guidelines relating to respiratory symptoms, cardiac or hypertensive symptoms, and mental health/other symptoms had higher rates of self-referral. Predictors of self-referral are listed in Table 3 .
Time to ED Presentation and ED Triage Category on Arrival
In patients compliant with dispositions to attend ED immediately, 94.2 percent (95 percent CI 94.1 to 94.4 percent) presented at the ED within 4 hours of the call, compared to 46.6 percent (95 percent CI 45.9 to 47.3 percent) of those who self-referred after low-urgency dispositions. More ED self-referrals (30.0 percent, 95 percent CI 29.3 to 30.6 percent) occurred between 12 and 24 hours after the call, compared to 2.7 percent (95 percent CI 2.6 to 2.8) of compliant attendances. There was no evidence of difference in time to ED presentation by ATS triage level in self-referrals to the ED, as is shown in Figure S1 .
There were significant differences in the age-adjusted distribution of ATS categories on ED presentations between healthdirect-compliant patients, healthdirect self-referred patients, and general NSW ED attendants. Significantly fewer compliant healthdirect patients were triaged as ATS 5 (medical attention within 120 minutes) (7.8 percent, 95 percent CI 7.6 to 7.9 percent), compared to general NSW ED attendants (16.9 percent, 95 percent CI 16.9 to 17.0 percent). By contrast, the proportion of ATS 5 among healthdirect selfreferred patients (16.9 percent, 95 percent CI 16.4 to 17.4 percent) was not significantly different from general NSW ED attendants. Differences were also noted in triage to ATS 2 (medical attention within 10 minutes). Significantly fewer healthdirect patients who self-referred after low-urgency dispositions were triaged as ATS 2 (4.0 percent, 95 percent CI 3.8 to 4.3 percent) compared to the general population (8.4 percent, 95 percent CI 8.3 to 8.4 percent) and healthdirect-compliant patients (7.0 percent, 95 percent CI 6.9 to 7.2 percent, Table 4 ).
Hospital Admissions and Deaths within Twenty-Four Hours of the Call
In the 24 hours following the healthdirect call, 21.7 percent (95 percent CI 21.5-22.0) of patients presenting at an ED in accordance with a healthdirect disposition were admitted to hospital, significantly higher than the 18.6 percent (95 percent CI 18.0-19.2) of self-referred patients who presented to an ED. As shown in Table 5 , rates of hospitalization by ATS level on ED arrival did not significantly differ between compliant attenders and self-referred groups, except for patients triaged as ATS 5, who were significantly more likely to be hospitalized in the compliant attender group (5.7 percent, 95 percent CI 5.2-6.2) than in the self-referred group (4.0 percent, 95 percent CI 3.3-4.8).
There were a total of 15 deaths (0.015 percent) recorded in compliant attenders in the 24 hours following a healthdirect call, with 80 percent of these in patients aged 50 and above. Fewer than five deaths (<0.027 percent) were recorded in patients who self-referred to the ED, all of which were in patients aged 50 and above. Further details concerning deaths cannot be provided due to privacy considerations.
DISCUSSION
Principal Findings
In this population-based data linkage study, we found that just over two-thirds (66.5 percent) of patients were compliant with dispositions to attend ED immediately given by the healthdirect telephone triage service. The great majority (94.2 percent) of these compliant patients attended within 4 hours of the call. The telephone triage disposition received is only one factor in a patient's decision to attend ED. Controlling for other patient and call-related factors, there was a significantly lower likelihood of compliance where the caller resided in a remote area or had made a greater number of calls to the helpline in the previous 6 months. Among patients receiving a low-urgency disposition, 6.2 percent self-referred to the ED within 24 hours, with 46.6 percent of these presenting at an ED within 4 hours of the call. Residents in more remote areas were significantly less likely to self-refer, and significantly more self-referrals occurred in patients who reported their original intention was to attend ED, or calls where another person was calling on behalf of the patient. Patients aged 18 to 34 years were less likely to comply with a disposition to attend ED immediately and more likely to self-refer to ED when compared to the youngest patients. After age adjustment, healthdirect-compliant patients who attended ED included a significantly lower proportion of the least urgent (ATS 5) triage category (7.8 percent), and a significantly higher proportion of presentations triaged as ATS 3 (medical attention within 30 minutes) than the general NSW ED patient population. The proportion of ATS 5 presentations in the self-referred group (16.9 percent) did not differ from the general NSW ED population. While 4.0 percent of the self-referred group were triaged as ATS 2 on arrival, this was significantly lower than the 8.4 percent of the NSW ED population who were triaged as ATS 2. Hospitalization rates within 24 hours of the call were significantly lower in self-referred attenders (18.6 percent) than those who attended compliant with healthdirect dispositions (21.7 percent).
Strengths and Limitations
This study of an entire population permitted precise calculation of rates and estimation of predictors of compliance and self-referral, although the predictors were limited to those contained in the administrative datasets. Interpretation of the caller's "original intention" should be treated with caution as this information could have been influenced by the disposition given. The question could have been asked either before or after the disposition had been stated, in a nonstandardized way. We do not know whether a prior healthdirect call was reported on presentation at ED or whether the report of this information may have influenced the resulting ATS level. The study only examined compliance and self-referral in relation to EDs. Linkage of GP and other service data is required to assess compliance with helpline advice to self-care or see a GP. False-positive links (estimated at <0.1 percent) would have a minimal impact on the findings. However, some small rural EDs do not contribute data to the NSW ED data collection. The use of hospital inpatient as well as ED data to identify patients partially addressed this issue; however, some NSW callers, particularly those residing near state borders, may have attended interstate EDs that would not have been captured by the NSW dataset. These factors may have resulted in an underestimation of compliance and self-referral rates in outer regional and more remote areas. After-hours GP triage commenced in mid-2011, and there was no significant impact (p = .33) of year of call on compliance with dispositions to attend an ED. We know little about what prompts a referral from the after-hours nurse to GP triage worker, but the clinical symptoms group were included in the regression models to control for varying likelihood of after-hours GP referral based on clinical symptoms.
Comparisons with Other Studies
This study examined more than 1 million calls to the healthdirect helpline across an entire Australian state, including urban, rural, and remote locations. The next largest comparable study examined approximately 96,000 telephone triage calls, in the Calgary Health Region, Canada (De Coster et al. 2010 ). The 67.3 percent compliance with dispositions to attend ED immediately observed in major NSW cities is greater than the 52.3 percent compliance with a recommendation to "Go to ED" observed in Calgary (De Coster et al. 2010) . Both studies used linked data methods and had the same definition of compliance.
In the current study, 9.2 percent of calls were referred to the after-hours GP, and after controlling for other factors, compliance with an ED disposition given by an after-hours nurse was marginally higher (67.4 percent) than the compliance with ED dispositions advised by an after-hours GP (65.0 percent). In a U.S. study, compliance with pediatrician or nurse advice to seek emergency care was not significantly different (Lee et al. 2003) ; however, in the current study GP triage staff were only available after-hours. Self-referral rates in patients given low-urgency dispositions after-hours did not significantly differ between nurse and after-hours GP triage staff.
In terms of patient factors, this study showed that children were most likely to comply with attend ED disposition, adults aged 18-44 years were least compliant, and adults over 55 years were more compliant than younger adults. This was consistent with a U.S. study that reported that patients over 45 years were more likely to comply with attend ED dispositions than younger adults (O'Connell et al. 2002) . The same U.S. study found that patients with more than one call to the triage service were less likely to have hospital or physician records following a call, consistent with the current finding that a patient was less likely to be compliant if he or she was the subject of many prior calls. The finding that compliance is significantly more likely where the caller's initial intention matches the call disposition is expected, and it has been shown in previous studies (Munro et al. 2001; Niemann et al. 2004) .
This study also confirmed previous research that self-referrals present later to the ED than those given a disposition to attend (Foster, Jessopp, and Chakraborti 2003; Stewart et al. 2006) . The rate of self-referral (6.2 percent) in patients given low-urgency dispositions in this study was lower than the 9.0 percent self-referral rate reported at a single hospital in Western Australia (Sprivulis, Carey, and Rouse 2004) , although in that study "nonurgent dispositions" were defined as those where medical care should be sought on the next day or later. In the current study, where "nonurgent dispositions" were defined as dispositions to seek care in 72 hours or later, the proportion of selfreferred patients triaged in the ED as the least urgent ATS 5 category (16.9 percent) was identical to the general population attending the ED.
Implications for Clinicians and Policymakers
This study provided evidence which can be used to assess the appropriateness of telephone triage dispositions. Patients who attended ED after being advised to do so were less than half as likely as the general population of ED attenders to be triaged to the least urgent category (ATS 5) and were significantly more likely to be classified into the more urgent categories ATS 3 and 4, implying low rates of over-referral in healthdirect patients. The small percentage of healthdirect self-referred patients who received higher ATS ratings on ED presentation may suggest a degree of under-referral. However, not all of these patients would have been under-referred; telephone triage dispositions are based only on reported symptoms, and symptom change over time is possible, particularly for the 30 percent of self-referrals who presented between 12 and 24 hours after the call.
Two small Western Australian studies concluded that healthdirect helpline patients had similar levels of ED referral appropriateness as nonhealthdirect patients (Sprivulis, Carey, and Rouse 2004; Ng et al. 2012) , and both were based in a single urban hospital. One study based its judgement of appropriateness on the similar distributions of triage categories between helpline callers who attended ED within 24 hours and ED attenders who had not called the helpline (Sprivulis, Carey, and Rouse 2004) , thus failing to discriminate between healthdirect callers who were compliant with a disposition to attend ED and those who self-referred after a low-urgency disposition. The second study (Ng et al. 2012 ) defined appropriateness of referral to ED on the basis of subsequent patient management or outcomes (e.g., hospital admission, tests and procedures, death) and reported similar levels of appropriateness (~73 percent) in patients who self-reported that they had been referred to ED by the healthdirect helpline and those who did not report referral by healthdirect or a GP. However, in the Ng et al. study, only around three-quarters of patients who self-reported a helpline referral could be identified in the healthdirect call data after data linkage, nor were the estimates ageadjusted despite substantial age differences in the populations. In the present study, ATS triage category on ED presentation was used as the primary measure of helpline disposition appropriateness, as this outcome occurs closest in time to the telephone triage, and would be most relevant to the symptoms reported in that call. Patients who are untreated or not admitted do not necessary represent inappropriate ED presentations. However, administrative data have limited information on which to assess appropriateness, and application of different methods, such as simulated patient scenarios, may be better able to assess the appropriateness of telephone triage dispositions.
Future Research and Conclusions
This study did not assess the potential impact of the telephone triage helpline on ED overcrowding, a contentious issue in Australia (Nagree et al. 2013 ; Australian Medical Association 2014) and elsewhere (Lind 2015) . Current evidence implicates access block (difficulty transferring admitted patients to inpatient beds), not a deluge of low-urgency patients, as the main cause of ED overcrowding (Hughes 2003; Forero, McCarthy, and Hillman 2011) . As only 5.9 percent of the 1,733,732 presentations made to NSW EDs during the study period (source: NSW ED data) were made in accordance with healthdirect helpline dispositions, and the helpline being accessed by just over 2 percent of the NSW population in a given year, the helpline has a limited impact on ED activity, when compared with the growth of general population attendances. However, this does not preclude other beneficial impacts of these services, such as referral to needed services; provision of reassurance, comfort and peace of mind to patients and their carers; and improved patient outcomes. Such benefits may be particularly important for people with limited access to health care, such as those living in rural and remote areas, who experience financial or other barriers to accessing health care, or who experience health emergencies out of hours where immediate medical or nursing advice is not otherwise available. Further analyses of linked data incorporating investigation of patient trajectories of care and outcomes, and analyses according to geography and indicators of disadvantage, will help to elucidate these issues.
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